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OEPARTMENT OF THE ARMY 


HEADQUARTERS US ARMY AVIATION MATERIEL LABORATORIES 
FORT EUSTIS. VIRGINIA 23604 


This contract was initiated to acquire NH-3A/S-61F helicopter noise 
measurements simultaneously with low- and high-frequency aerodynamic 
rotor loads for the purpose of verifying the accuracy of a rotational 
noise prediction program. The program itself was modified from the 
previously assumed rectangular chordal airload distribution to the 
actual measured chordal airload distribution or to any arbitrary chordal 
distribution that the program user wished to assume. 


Results of this contract demonstrate the importance of high-frequency 
airloads and the chordal airload distribution in rotational noise 
predictions, Although inconclusive regarding how many loading harmonics 
are necessary, findings do show that knowledge of the chordal airload 
distribution can compensate for a lack of high-frequency airload data. 


There are a few available analytical solutions to helicopter rotational 
noise in addition to that reported herein. These analyses vary in rigor 
of approach, degree of difficulty of usage, and quantity of input data 
required, but all appear tu be uniformly accurate for the first three or 
four harmonics of rotational noise under the few normal rotor operating 
conditions examined. 


A program is currently under way to: (1) simultaneously acquire noise 

and rotor airloads data for "slapping" and "nonslapping"” flight conditions 
of a CH-53A helicopter and (2) correlate these data with noise and airloads 
prediction methods. The acoustic analyses presented herein will be modified 
and used in an attempt to predict the occurrence of impulsive rotor noise. 
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ABSTRACT 


A computer program for rotational noise prediction is documented in the 
following sections of this report. The program was developed as a part of 
a study to develop more accurate methods for predicting rotational noise 
leveis under conditions of nonuniform inflow over the rotor disc. 


The computer program will calculate the root-mean-square sound pressure 
level for up to the 10th harmonic of rotor noise at any field point in the 
near or far field outside of the rotor disc. Noise levels can be calcu- 
lated either from a rectangular chordwise distribution of pressure or from 
the measured chordwise distribution. The equations for noise prediction 
using the arbitrary (measured) chordwise distribution are derived in Volume 
I of this report. Although this report concentrated on a helicopter rotor, 
the analytical results are applicable to propellers in general. 
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FOREWORD 


A computer program for rotational noise prediction was written by Sikorsky 
Aircraft, Division of United Aircraft Corvoration, as part of Contract 

DA 44-177-AMC-448(T), Task 1F162203A14801. USAAVLABS Project Engineer was 
Mr. Joseph H. McGarvey. 


Acknowledgement is made to Mr. Gediminias Campe for his help in designing 
the computer program and in bringing it to operational status. 
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INTRODUCTION 


This report describes a computer program for calculating noise harmonic 
levels of rotor (or propeller) rotational noise at any point in the acous- 
tic near or far field. In order to simplify the analysis, noise due to 
blade thickness and aerodynamic shears is not considered, and the rotor 
disc is assumed to be a flat circular plate perpendicular to the thrust of 
the rotor system. 


The basic physics of the noise prediction analysis are straightforward. 
Acoustic dipoles (sources and sinks) are the mathematical models used to 
describe the pressure variations caused by a rotor blade passing over any 
given point in the rotor disc. By applying an acoustic wave equation, the 
pressure variations at this point in the disc are transformed to a rota- 
tional noise component at a particular field point or observer location. 
In order to calculate the net rotational noise for a given harmonic and 
field point, the contributions of many points in the rotor disc are added 
(vector addition with magnitude and phase) to produce the root-mean-square 
sound pressure level (SPL) in decibels (dB). 


The form of the pressure pulse seen by a point in the rotor disc is impor- 
tant in determining how much noise will be generated. The noise prediction 
program is designed to use a pulse of arbitrary form, namely the measured 
chordwise distribution of differential pressure on the section of rotor 
blade that passes over the point of interest in the rotor disc. 


PROGRAMMER/USER_ In FORMATION 
HARDWARE AND SOFTWARE REQUIREMENTS 


The noise prediction computer program is written in FORTRAN V for a UNIVAC 
1108 digital computing system. In order to manipulate all of the data 
generated by the program, direct-access storage devices are used. These 
devices should te UNIVAC FH-332 drums, each with a capacity of at least 
90,000 words. Three drum units are called by the program. 


PROGRAM DESCRIOTION 


The following sections of this report describe the subroutines, structure, 
and running of the noise prediction computer program. 


Subroutines 


The name and function of each of the program subroutines are listed below. 
During normal operation, i.e.,all input data on punched cards, the sub- 
routines dealing with magnetic tape will not be called by the main program 


E676 Main program, calculates SPL based on the actual chordwise distri- 
pution of pressure. 


BLODAT BLOCK DATA subroutine. 


RDKU Reads in one record from the proper input tape, where two records 
make up one azimuthal pressure cycle. 


UNPACK Unpacks an array containing tape information (two records) into 
separate arrays representing azimuthal pressure cycles for each 
pressure transducer channel. 


INTERP Linearly interpolates pressure pulse harmonics up to 20 blade span 
stations and 288 azimuths. 


CUE Calculates an array which is a function of azimuth and blade station. 
A double integration of this variable yields the sound pressure com- 
ponents Um and Vm. 

INPUTA Reads and prints out card input. 

MERGES Combines the absolute pressure of the instrumented top and bottom 
blade stations, to produce only differential pressures for all blade 
stations. 

OUTSPL Output subroutine. 


DFSRIE Computes the coefficients of a Fourier series. 


AVQUAD Performs integration by averaged quadratics based on Lagrange inter- 
polation. 


E386RN Calculates GPL based on a rectangular chordwise distribution of 
pressure, 


SIMCOR Simpson's Rule integration subroutine. 
CURVIT Cubic interpolation subroutine. 

PARAM Subroutine used by CURVIT. 

CUBIC Subroutine used by CURVIT. 

TRIDAG Subroutine used by CURVIT. 

START Initializes the clock subroutine CLOCK. 
CLOCK Calls the computer clock for the time, 


Overlay Structure 

In order to pack the data and processing instructions into the memory of 
the UNIVAC 1108, an overlay technique was used. The overlay map is given 
below. The small "b" indicates a blank space on the punched card. 
bbMAPDE676, ,OVER 

bbbbbbbSEGbE676-(*E386RN , *ALPHA) 

ALPHAbbSEGD *RDKU-*UNPACK-~* INTERP-*CUE-* INPUT A-*MERGES-*OUTSPL-*DFSRIE 

7 /8dABSbOVER , AE676 

7 /8bXQTbCUR 

Program Syntols 


Both the definition of the alpha-numeric symbols and their proper input 
units are indicated below. These symbols are used in the programmed equa- 
tions and in the sample input that are presented later in this report. 
During normal operation, only those symbols under CARD INPUT need to be 
included in the input data set. 


TAPE CARD PROGRAM 


INPUT INPUT SYMBOL UNITS DESCRIPTION 

XX X BB : in. Blade thickness; floating point 
XX X AA in. Blade chord; floating point 

xx x BLADEL in. Length of blade (root to tip); 


floating point 


TAPE 
INPUT 
XX 


XX 


XX 


CARD 
INPUT 


xX 


PROGRAM 
SYMBOL 
GAMA 


RO 


cc 


OMEG 


DPSI 


NBLADE 


MLIMDP 
MLIMRN 
LSPAN 


IREELS 
TCOP 
PUNCH 


INTERM 


IDD 


E3860P 


UNITS 


deg/in. 


in. 


in./sec 


rpm 


deg 


DESCRIPTION 


Twist rate of main rotor blade; 
floating point 


Radial station with zero twist; 
floating point 


Speed of sound; floating point 


Rotor rotational speed; floating 
point 


Delta azimuth angles1.25° or a» 
multiple of 2.5. All calculations 
are done at this increment 


Number of main rotor blades; fixed 
point 


Highest order of harmonic desired 
to represent all pressure cycles 
(=1 to 30); fixed point 


Highest order of harmonic desired 
in the rotor noise calculations 
(=1 to 10); fixed point 


The number of radial stations as a 
result of interpolation (=10 or 20). 
This is an option 


Total number of reels (up to 5) 


=TAPE, data will be read from tape 
=CARD, data will be read from cards 


=YES (option to punch out pressure 
cycle coefficients) 


Intermediate output to be used for 
checkout; #YES or = NO 


Debug printout option; = 0, do not 
print; =1, print 


sYES, call rotor noise subroutine 
E386RN 
=NO, do not call E386RN 


TAPE CARD 
INPUT INPUT 
XX X 
XX X 
XX X 
xX X 
xX X 
xX X 
XX X 
XX X 
xX “Xx 
XX -X 
XX X 
XX x 
XX ‘xX 
xX X 
X 
x 
X 
X 
Xx 
X 
xX 


PROGRAM 
SYMBOL 


OPRONO 


NFT 


ANG deg 


NHH 


KEY1 
KEY2 
KEY3 


CAPRF(I) ft 
THETAF (I) deg 
ALFAF(I) deg 


XFP(I) in. 
YFP(I) in. 
ZFP(I) in. 
IBURST 

BO - deg 
BIC deg 
BIS deg 
IN 

JN 


CN(I,JN,IN) psi 
SN(I,JN,IN) psi 


UNITS 


DESCRIPTION 


Option to calculate SPL from actual 
chordwise loading =YES, perform 
rotor noise program 

=NO, go to subroutine E386RN 


Number of field points (up to 
20); fixed point 


Increment of integration used in 
E386 subroutine; floating point 


Number of Air Load harmonics for 
E386 program (up to 30); fixed 
point 


=99, have intermediate output 
from the E386 program 
=00, no intermediate output 


Spherical coordinates of field 
point I, used in subroutine 
E386RN; floating point 


Coordinates of field point I, 
origin being at center of 

rotor disc (I=variable= 1 to 20); 
floating point 


Burst number being processed, 
identifies data on telemetry tape 


Collective pitch angle; 
floating point 


Longitudinal cyclic pitch; 
floating point 


Lateral cyclic pitch; floating 
point 


Spanwise station number, fixed point 


Chordwise station number, fixed 
point 


Fourier coefficients of differential 
pressure where: I = harmonic, JN= 
chord, IN= span 


TAPE 
INPUT INPUT 


XX 


XX 


XX 


XX 


SLOPE(I,K) 


PROGRAM 
SYMBOL 


DESCRIPTION 


psi Conversion factors used to get the 


full scale tape data into engineering units 


OFFSET(I,K) psi. for each tape parameter. I = channel 


full scale number, K = reel number 


KUNIT(I) 


IREEL 
NC 


NTBDX(I,J) 


NSTATC(I,J) 


NSTATR(I,J) 


NCEND 


ISET(I) 


FROC(K) 


Q1(288 ,20) 
Q2( 288 ,20) 
Q3( 288 ,20) 


UMF(10,20) 
VMF(10,20) 


PMRMS (10,20) 
SPLM(10 ,20) 


LAZI 


Tape drive units on which to mount 
tape reels 


Input tape reel number 
Channel number 


Designates top or bottom pressure 
gage I = IREEL, J =NC 


Relative chordal position of pres- 
sure gage from leading edge 
(=1,2,3,4,5). I=IREEL, J = NC 


Relative radial station measured 
from root of blade (=1,2,3,4,5) 

I = IREEL, J = NC 

Input control word. When NCEND is 
not blank, card specifying reel 
number follows 

Set number for reel IREEL 

Filter roll-off correction curve, 
where K represents the order of the 
loading harmonic (K= 1 to 30) 
Functions used in the double 
integration 


Components of sound pressure 


Sound pressure 
Sound pressure level 
The number of azimuth stations as a 


result of interpolation This is 
calculated knowing DPSI 


TAPE 
. INPUT 


CARD 
INPUT 


PROGRAM 


SYMBOL UNITS 
IRS(I) 

ITRACK(I) 

FI(I,J) 

NCHAN(Z,L) 

RR(I) fraction 
XA(I,J) fraction 
NCH(I) 

XLO(I) lb/in. 


XIM(I,J) lb/in. 
XMM(I,J) lb/in. 


CHORD(I) fraction 


GPSI(I) psi 
FN(I) 
PI rad 


AZMTH2(T) rad 


AZMTH\ TI) deg 


DESCRIPTION 


Instrumented radial Station counter, 
counting from blade root. If 
station N.G. then IRS(I) = 0 


Track number for reel number I 


Gaussian integration factors for 
radial station I, chord station J 


Blade instrumented station designa- 
tion for radial station I, chord 
station J. If = 0, then that 
station is N.G. 


Fractional radial station measured 
from hub center. I = span station 
= 1 to 5 


Fraction of distance along chord 
from leading edge. J = span 2 1 to 
5, I = chord station = 1 to 5 


Total number of chord stations for 
radial position I 


Air Load harmonics used in subroutine 
E386 where: I = radial station and 
J = harmonic 


Chord station array used in the 
average quadratics integration to 
get Air Loads (I = chord) 


Differential pressure array along 
a chord, used in average quadratics 
integration 


Temporary array used to store Air 
Loads just before harmonic analysis 


PI = 3.14159 

Azimuth array 0 to 2m rad in 
(2.5 */180) rad increments 

(I = 1 to 144) 


Azimuth array 0 to 360 deg in 
2.5-degree increments (I =1 to 14k) 


TAPE 


INPUT 


CARD 


INPUT 


PROGRAM 
SYMBOL 


AZMTH3( 288) 


DPRAD 
BLADES 


SPAN(L) 


B 


GPSI1(I) 


CHORD2(T) 


AZRAD 
ICHANL(I,J) 
NO 

YES 

NBLANK 


TEE 


BEE 


DEE 


UNITS 


rad 


in. 


deg 


psi 


fraction 


rad 


DESCRIPTION 


Azimuth array every DPRAD radians 
from 0 to 2r 


Aw expressed in radians 
Number of blades 


Radial stations used in the double 
integration, L = 1 to 20 


Distance from element of rotor dise 
to field point 


Blade pitch angle 


Array used in integration of Bn 
( ¥ ,R) and h. (y »R) 


Interpolated chord station array 
used in integration of g (¥ ,R) 
and h_ ( ¥,R) 


Cosine and sine Fourier coeffi- 
cients used in filter roll-off 


correction. I = harmonic, J = 
channel, K = reel 


Temporary arrays used in Fourier 
analysis subroutine arguments 


2.5° expressed in radians 


Tape channel] designation, where 
= 1 to NOCH(J) and I = 1 to IREELS 


Control words used to check whether 
or not to execute an option 


Word with all blanks in it 


Equals "T" in Hollerith used to 
designate top of blade 


Equals "B" in Hollerith used to 
designate bottom of blade 


Equals "D" in Hollerith used to 
designate differential pressure 


TAPE 
INPUT 


CARD 
INPUT 


PROGRAM 
_ SYMBOL UNITS 


COSINE (I) deg 


SINE(I) deg 


AZ41(T) rad 


NCYCLE 


CYCLES 


KU 
NDIV(4) 
BMASK( 6) 


NOCH(I) 


LIRS 


FTRACK 


FBURST 


DATA2(I,J,K) 


DATAL(I,J,K) psi 


DESCRIPTION 


Cosine array defined every DPSI 
degrees 


Sine array defined every DPSI 
degrees 


Azimuth points I along the chord 
for a given nominal azimuth 


Cycles in a burst, counter 

Total number of cycles in a burst 
Current tape unit number 

Used to shift integer numbers 
Used to mask out parts of a word 


Total number of good channels on 
reel number I 


Number of good radial stations 


Current track numbers being read 
from tape (2nd half of NN(217)) 


Current burst number being read 
from tape (2nd half of NN(218)) 


Current record number being read 
from tape (2nd half of NN(219)) 


Tape data cycle array made up of 
2 records (Last 3 words are control 
words ) 


Unpacked raw data arrays where: 
I = azimuthal data point, J = chord 
station, K = radial station 


Unpacked average raw data cycle 
where:I = data point, J = chord 
station, K = radial station 


Scaled and corrected average pres- 
sure cycles where: I = data point, 
J = chord, K = radial station 


TAPE 
INPUT 


CARD 
INPUT 


PROGRAM 


SYMBOL UNITS 


COSRN(I) 
SINRN(I) 


GPSI2(I) psi 


GMAR(I,K) 


HMAR(I,K) 


DPSI1(I) psi 


GMARI(I,K) 


HMARI(I,K) 


TEMP1(I) 
TEMP2(I) 
TEMP3(I) 


X0(I) 
YO(I) 


ISI 


POINT(15) 


10 


DESCRIPTION 


Cosine and sine arrays, the elements 
being calculated at each instrument- 
ed chord station. Used in cal- 
culating Fourier coefficients of 
acoustic Air Loads 


Differential pressure array along 
a chord, used in average quadratics 
integration 


mth cosine coefficient of acoustic 
pressure pulse where K = radial 
station, I = azimuthal station 


mth sine coefficient of acoustic 
pressure pulse where K = radial 
station, I = azimuthal station 


Differential pressure array along 
chord, used in averaged quadratics 
integration 


mth cosine coefficient of acoustic 
pressure pulse after interpolation. 
I = up to 288, K = 10 or 20 


mth sine coefficient of acoustic 
pressure pulse after interpolation. 
I = up to 288, K = 10 or 20 


Temporary work arrays used in the 
interpolation of GMAR and HMAR 
Arrays used in interpolation, 

I = 1 to 20 

Temporary work array, I = 1,14 
Number of radial stations before 
interpolation (including end points 
.194 and 1.0)(up to 7) 


ISI = (DPSI/2.5) > 1; if < 0 
then ISI = 1 = is 


Gauss integration points 
(normalized) 


| 
i 
‘ 


TAPE CARD PROGRAM 


INPUT INPUT SYMBOL UNITS DESCRIPTION 
WPOINT(15) Gauss integration weights 
NXY Number of Gauss points and weights 
to be used 
PI2 rad PI2 = 6.28318 
IX The number of radial intervals to 


be used in the double integration 


LY The number of azimuthal intervals 
to be used in the double integration 


Input/Output 


The input format is defined symbolically in Figure 1. Note that the blank 
lines are used to insure legibility. Normal input data would have no 

blank lines (unpunched cards) unless all of the parameters on a particular 
card happen to be equal to zero. Figure 2 is a sample numerical input for 
the first span station with 8 harmonics of pressure for each chord station. 
The format for the pressure harmonics CN(I,J,K) and SN(I,J,K) for the re- 
maining span stations is completely analogous to that for Span 1. Span 
stations are specified from root to tip of the blade, and chord stations 
are specified from leading edge to trailing edge. 


Normal output from the noise prediction program contains the following 
information: 


1. Listing of the input parameters except the harmonics of pressure. 
2. Values of differential pressure at each span and chord station 
every DPSI degrees of azimuth from the sum of the input pressure 
harmonics. 
3. Field point coordinates and the corresponding predicted SPL for 
each noise harmonic. 
A typical output is contained in Figure 3. 


Operating Instructions 


The noise prediction computer program has several options that may be se- 
lected. For normal operation, the print options for INTERM and IDD should 
be refused. If this is not done, several hundred pages of non-essential 
output will be generated. The following suggestions assume that the input 
pressure data are on punched cards so that option TCOP is equal to CARD 
(i.e., no data on magnetic tape). 


The azimuthal increment of integration for E676 can be varied from 1.25 


degrees to integral multiples of 2.5 degrees, while the value of ANG used 
in subroutine E386RN can be any value greater than 0.5 degree as long as 
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(360/ANG) is an even integer. Normally, DPSI and ANG should be equal. If 
only the first harmonic of noise is being calculated, an increment of 10:0 
degrees is acceptable. If 4 harmonics of noise are desired, an increment 
of 2.5 degrees is recommended. The number of interpolated span stations 
can be 10 or 20. The larger is recommended for DPSI of 2.5 degrees or less. 


Results presented in Volume I of this report demonstrate the importance of 
high-frequency loading harmonics for prediction of the higher harmonics 

of noise. At least 15 loading harmonics are recommended for calculation 
of up to the fourth noise harmonic. However, if only the level of the fun- 
damental is desired, 2 or 3 loading harmonics probably will suffice. 


Running time will be a function of the angular increment selected. Cal- 
culation of 4 harmonics of rotor noise at 20 field points from both the 
actual and the hypothetical rectangular chordwise pressure distributions 
requires approximately 6 minutes of machine time (excluding time for CUR 
instructions and compilation which can be on the order of 1 minute). 
Calculations with the actual chordwise distribution take roughly 5 

minutes while the corresponding calculations with the rectangular distribu- 
tion require approximately 1 minute. Running time increases as the 
azimuthal increment becomes smaller. 


The coordinate system for E676 is right-handed Cartesian with Z positive 
up (in direction of rotor thrust), X positive aft, and Y positive to 
starboard. The origin of the system is at the center of rotation of the 
rotor. The coordinate system for E386RN is spherical in which R is the 
distance between the center of rotation and the field point, @is the 
azimuth angle in the plane of the rotor disc, ands is the elevation angle 
relative to the rotor dise (positive for field points above the disc). 
Figure 4 contains the coordinate systems for OPRONO and E3860P as used for 
a conventional helicopter rotor. 


If the noise prediction program is used to calculate rotational noise for 
a propeller rather than a rotor, the following coordinate system cefini- 
tion applies. Z andeare positive for field points on the positive thrust 
side of the rotor disc. The X-axis and @= zero line coincide with the ref- 
erence point for the azimuthal loading harmonics. 


It is advisable to calculate rotational noise via both the OPRONO and 
E3860P options to determine if the loading details included in OPRONO need 
to be considered for the configuration being studied. If the rectangular 
chordwise loading distribution yields acceptable results, use E386 exclu- 
sively in order to save computing time. 


Detailed instructions regarding control cards and execution commands must 
be provided by a programmer who is familiar with the particular UNIVAC 
1108 installation that is to be used. When the input data and overlay 
structure are specified correctly, no problems should be encountered in 
running the program. 
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Program Logic 
Program E676 proceeds as follows for card input (TCOP = CARD): 


1. 


ll. 


12. 


Accept harmonics of differential pressure from cards. Sum these 
harmonics to produce the differential pressure at each span and 
chord station every DPSI degrees of azimuth. 


If output from E386 is desired, calculate the blade section loading 
(pounds per inch of span) by integrating the differential pressures 
across the chord at each span station. A trapezoidal integration 
routine is used. 


Proceed through E386. 


If noise levels based on the actual chordwise pressure distribution 
are required, interpolate to provide 41 points along the blade chord. 
These points are required to define the Fourier coefficients of the 
pulse shape (chordwise pressure distribution). 


Calculate GMAR and HMAR for a particular noise harmonic. 


Interpolate GMAR and HMAR if 288 azimuthal points and 20 radial points 
are desired. This interpolation produces GMARI and HMARI. 


Calculate CUE array for the first field point. 


Calculate UMF and VMF components of sound pressure for the first field 
point. 


Calculate SPLM for the first field point. 


Repeat steps 7, 8, and 9 for the rest of the field points (field point 
loap). . 

Repeat steps 5 through 10 for the rest of the noise harmonics 
(harnonic loop). 


Repeat steps 1 through 11 for the remaining flight conditions or 
"data bursts" (burst loop). 


Program kquations 


Volume I of this report contains the derivation of the noise prediction 


equat 
VMF + 


ions. The critical parameters are GMARI, HMARI, S, Ql, Q2, Q3, UMF, 
PMRMS, and SPLM. The relationship between these program symbols and 


their engineering counterparts is: 


GMARI 
HMARI 


a 
7 


UMF = U 
mn 
VWF = V,, 
PMRMS = P 
m 
SPLM = SPL 
m 


q) =(x- rcos¥)sin# sinv-(y—r sin¥)sinB cos ¥ +z cos 


q. = -cosd _mno .. sine  mng 
2= 9m ; MOP sing) +hm( ES er aaa 


e -sing 2 - ; 
93= On ae aon) + hm( a pry ali) 


Yor 
Sm(r,¥)= 7 T(r, ¥ )cos mny dy 
-Y,, 


- Vac 
hm(r,¥) = Eten mny d¥ 
-Yp, 
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Program Listing 


The listing for the complete noise prediction deck is contained in Figures 
5 through 38. Figure titles correspond to the program or subroutine con- 
tained in the figure. 


Limitations of the Program 


Some aspects of the rotational noise prediction program limit its immediate 
operation by new users. The direct-access storage drums are called 28, 29, 
and 30 by the program and the NTRAN routine. It probably will be necessary 
to change these call numbers to match those used on the UNIVAC 1108 system. 


Some additional changes will be required in the programmed equations if 
the rotor blades being studied differ from those of the NH-3A described 
in Volume I of this report. In particular, the span stations for which 
input pressure data are available are assumed to be 40%, 75%, 85%, 95%, 
and 98% of the radius (BLADEL). The program further assumes that tne input 
chord stations or transducer locations are at 4.2%, 15.8%, 30%, 60%, and 
91% chord (AA). In addition, the lifting surface of the blade is assumed 
to consist of the outer 80.1% of span. Changes in the chord locations 
will affect the interpolation routine used to calculate GMAR and HMAR, 
while changes to the span will affect the interpolation used to calculate 
GMARI and HMARI. These changes are not difficult to make once the pro- 
grammer is familiar with the deck. 
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| Figure 4. Coordinate Systems for 
Noise Prediction. 


3T 


aR ae ae *OS(T)CHINZY 


——~s60— ating setce2'9 = 2I4 
2s0 we G°S+(TeD)HiN2ZV = (TIMLNZV 2 
- 150 = GVUZV+(T]=I)2HLIW7V = CI) ZHLW7V 
0SO ‘oTe2=1 2 0n 
St ONO ata ee ee ne a a eae eee aris te Sieg *O0 = (T)ZHILW7Y 
end : °O = (T)HINZ¥ 
a <a *O0ST/(ideS*2) = AVU7¥ 
9n0 *09C/TeSerees*estsdd = AVedO 
stu - "= ; 3NWT1NO9 Tt 
h0 T4SHID = SHIT COSI (T SHEE ST 
BSC OU ar cote De ae rs mes ee Sea en Piss Be S?t=r = oa 
2n0 G92EGTHT°G = Ta 
DMs lo ea 0 -= SUIT 66T 
Ono ¢T GNIAAN 
600" 3 : 2t ONIAIQN 
eso TT ONIAAXN 
SAREE Siessicliga? ©, | Samaras a Gc Te meee a ae a Diora Le ‘OT ONINA@N : 
r 9¢0_ 6 ANIMAM S 
a geo 9 ONINAM — 
C0 66T OL 09 (OHV9D*°O9°dODL) ST & 
~~ ¥€0 7 VINGNT AW 
zeo T=1L4V1SW ' 
ea 0) cern Se OR a Bg A ad rs ~ (3NTS*TA0) 3ON3IVAINED wo 
oco (682)180 NOISNSWIN r=] 
620 , : (TH) Th2v NOISN3IWIO ord 
920 (TO* TON) § (uwROo*(T9ZS)TON) SONSIWAINAT 3 
Lz0 © : : (20 4ZON) “(NS 41922) TUWWH) 4 (ND4TeWWH) (NES CTSCTITuWNS) © “ 
920 “(NV TuvWd) ¢ CUVWH! (T296)Z0N) JONIWAINGI re 
Ria ad as AR aOR se i ic ; (O2*@UZ)ZO*toz*eg2) Te * 
20 (S*en LMWH (GenmTinwNO © 5 
T2677 _ 5 SIS4OT OC INGSIGAOT*TOINW! (S4S*OCINS*(S4G*TOIND NOISNSMIO & 
220 (TISd9 *CgwWIL) (ISd9*Zawal) * = 
1z0 ; 4 (QUOHD *TdWN3L) “(Nd "NN) *(Z2VLVO4ZON) 4 (TWLVO* TON) SON3IVAINGS NA 
020 (TRINUNIS 4 (TRINNSOD*® A, 
BTo > OTR ETSADTUTHSSISAS® (THIZOSOND* (OSTEWSL (OS) TWAL TLITISMD (111545 * 
gT0 “© (LIQUOHD «HHT INS 4 (SOT WaT IZVAVO*(S*OT* emt) TWLVO NOISN3MIN 4 
zTd aa een INN0343eTL /SNAWIL/ NOWHOD LN 
9T0 3dVL ‘OUD *SIOWIG* (RZ) INTIS * (992) INISOD*(S/OTIINWHDT * 
S10 #(0Z40T) SHund *(OZINWdS * aA 
nT0 *(@OZICHANZY*(02*40TIWIdS /C¥R/ NOMHOD 3 
¢to- —— fa aU ig (OZ)OX* (OZ* OOS THYHH © 
zto *(02*@@2) TuwwO *330'398°991 ‘ WNYTEN‘S3A‘O'N'CWH7¥‘OVHGN * a 
Tto + CopTIHLW2y 4 Chat) ZHiNZw eld! CL) ComEd 4 (Ld 29d CL) ToS (On! 2 © 
oto 10% LI WIX4 (L014 (GAOT SHH T I ZON! (SOT hht) TON DSN™*ISHNGY NOWELY * 
600 *SUIT! (SCHINN! (9) NSW! (MIATONSNY*SIIDAD*SIDAIN /ZNR/ NOWHOD 
g00 IZ7W1*(S)HION * 
Te FST TS LIST * COT *SYMLVISN’ (OT*SISLVISN'TUT'SIXOGIN‘SN‘SNTSMT « 
900 “WUBIN ¢ (GS) HIN “OnONdO #102) Sw 4 TW! (02) 4WIL DHL (02) dud “HHA CAaY & 
$00 *ZA3N¢ TAS ONY 4 Lan! aO98E34 (S*SINWHINS (S*S)TS*(SIWOWHAT‘(GISMT * 
00 #1SUNBI *(S) LINO M4 ($40T)235390+ (SOT) 2dO7S *dOIL* (OC) IOMS‘NWdST * 
too HON d 4STE 4918908 adv 18 ‘Ou WHYS! (0Z)ddZ7* (OZ) ddA* (OZ) d4x'dOwI Wn * 
200 Nt TW OV TEN 493 '93MO 4 (SC) Mat ISAO*(G4S)Wx*¥¥*SE4COI /TxA/ NOWHOD 
~ “TO0 t aa "Jdwvd "9 AD HISTWE "M HOS WWH5SONd JSTON HOLON 9 
infos a5 BUI ESBC OCR SS 4 * 85 O92 ESSE EELS HOS 8 See ESET ES OF OY e See E SE Oe ee KS So eS ett oe © 


g a 9 S fr € 2 T tT 


ETE LOO RESET, FIT TITTY 


38 


' 


got 
LOT 
each _ 901 
: sot 
OT 
"gor ae 
Zot 
TOT 
oot 
660 
860 
“£60 
96C 
$60 
60 
£60 
260 
Teo. 
060 
680 
880 
280 
980 
Sec 
£80 
©60 
280 
T90 
ogo 
5 GLO 
e240 
te Teno ener 
940 
Slo 
mZ0 
ee 


090 

“6S0° 0 

eso 

“sc 

950 
a ee eG res ame 


~“INNOS G3 


Aas 


8T oL 09 
6 3IASHSWA fT 
8ST OL 09 
@ AIWASNIVA CT 
ANS CLT SOT IST nT Ceserec ree loc eecreeteecr) o1 09 
HOVaLW*LSUNGN/93uWINWIGRMY (CTES*9VALTHAX 
(T°e3°00QT) ST 
2T OL 09 (1SHNEY* SNOT LSUNET) ST 
(TynHaN VWIw9 2T 
AN'WSINI (TeZ*OaALTMax 
(Teo3z°aarat 
CT3RYT  LINNW = Ny 
S331 *T=1939NI TT on 
*SaOTIOS SIZ3BH 3dVi NO dOON se8 
0 = (weéreT)ZaON 6 
G¢Tt=w 6 On 
ot*tsr 6 on 
hoT*T=Y 6 O10 
°INMGNI Guvd YO 3dvl 1d3dV YSHLIS OL (NOTIdO) 1X3N 30VW I 3SIOHS v 
( C1¢xtt divwuosd @ 
BWIL LSYNG JO LYVIS 
LSuNAT (98!SyOVIH 
OT OL 09 (O8V9°D3°dODL) ST 
4uVLS WWw9 
00¢6 OL O09 (T°AN°AQTIST 2 
*LX3N SI SLSUNE NO dOO1 SNOT Vv 


TA+(T=1)20NOHD = (1)Z0HOH) 9 
O#¢2Z=1 9 00 
*T = (TH) ZQuOHD 
°O0 = (TIZOUOND 
*THs*t = Th 
ZQVION = S30VIA OTZ2 
““TeOSFTSI*(DEHLINZV) (S'S) 3LTYM 


L 9 Ss f ¢ 2 t 


{A BRR aD ata RH AEE 


Vv 


o 
Program Listing - Main. 
39 


Figure6é . 


((8@2)CHLNZVHTT THT) LVWYOd C12 
(eT2/9)ALTUM 
OTZ O1 09 (T°3N°OOI) JT 
(CIZVVVCHLNZVINIS = (IZVTBNIS 
(CCIZVVEHLWZVISOD = (12V1)INISOD 
aca ei 7 GWEdOF TST ZVVERLNZV = CIZWITICHLNZV 
A P*estZv7 & OA Tz 
: dO1S 
ZId (SC°O) 31 THM 
(@8Z4T=TCWEHINZV) (SC*9IZLIUM 
( TTzZ °ON IN3* 
7 5 TY OATTIONI NIIT SVH CHIWZY JO NOJSNBWIT SHLATI FTHTVIWAYOT 2T2 
(ZT249)31TuM 
ain a j TTZ 01 09 (eez°aT°r) Jt 
Tash 
100°+(QVudO/2Td)=TL 
°O=(T)3NTS 
Sag pe re ice "TS CTYRNISOD ~~ 


“QrererePoegreseveevensetecrrssnrseseasstnesecestesnesererrernesesessoeneesaceece 


Tt 


sebagai seals cccalitaa aged Saal 


est wT *T=I 62 00 
ag a aR Oe a an tM ey z : : : ‘C133eNI (MP IWWHOY = INO 
ost 4*T=E 62 00 
a a a A as dl cae RE "Yl Pr i eger a As (V33eTHSON = » 
+ _@sTt- °1X3N GNNOS 3YV S319AD SAVURAV BHI sa0 9 
a a I aa EEE ESS SSTISAIN = SIVA GE 
9ST - €l 39vdSNOvVA 
— oa gud to ek a he eM ee “| Gee ae ao ‘ 2T JIVASNIVA LZ 
ST ‘ . é gz o1 09 
aS BS ERG aL aoa aa, Ee CGC , TT AIWeISNIvA 92 
est 82 O1 08 
i ao pe Siar pm ge earn Caer eet ad as ET EE SOE FIVSSHIVA GE 
ost _ 82 O01 05 
a ean ets ee ha” AAT ta oie OW ig i ’ 6 3IVdSNIVA #2 
Ont ; sed 82 01 09 
OS MM dal gg oe Ts “Let a = F ; @ JIVASNSVA C2 
Ont AW! (LE49S *GS ne seer *Cavessesseesezeezsez) OL O9 TZ 
IES SSS SGT SS” * OSHIVSYN NASA SVH LSU 40 ONS 3H1 INIOd SYH1 lv «*e 9 
tht OZ O1 08 
aie Aca eal aaa Tet TE aah a 5 ~ Caht : : . SANTINOA 22 
2nt (VaSeT SONS TITON + (1338T/ON4T)ZON = (ISSUE SONST)ZON 
Sey aan ans ThT ar, - “wT eT=r Zz oa 
Ont (ETIMLVNHOY TE? 
—— a ee ee eR a IGG wits ha Nag ee ia aaa * “" SHWILNOQ eez ~ 
: eet 7 x 
ee ee 2¢et ASU SIN«ITITONSONS WASTIDAIN (TES49) SLIM (T°H3°arI) at sez 
get wES’*Sce* eS (T=$W39NIIST 9C2 
a Agony ee sect ~ wlS*ocsswee? (T-O0I) 47 
Het (1338T PI TNVHST = ON 
Sag are ie er nee we oe AL LAG CLO eric paar Oe a ei peel NETSE Ze On 
2et (733UT)HION = 
apace Ep se : Tet 5 d007 “TANNVYHD «02 9 
oct T#30DAIN = WIDASN 
6et WOVAINN TIV9 6T 
eet °ON J33N=» STSNNYHI=P see 5 
sh ae i he To LETT CINTOd WAVO=I SUBHM ONS STI TON WHOS OL (SEHINN SDVAINN WOVAINN °YBNS wee 9 
92eT =] 
Gel ; set T2 01 09 (8° 3SN°1SUNAW) 4T 
net (2onaay W949 
cet Te O1 09 (8°3N°LSUNG) ST 
zet (TIANGM WW o2 | 
ee ae Ce 2 i “Tet Geis : *O329VEaAV ONY GOVAN Suv ISUNGI LSYNG NI S3IDJAD ONINIVWAN SHE sex 9 
Oet . 6T ol 09 
aie ae : : 6TT isungy = ay 
ett (2.nndH TWIwd 
_ zT1T (TIAN Ww 
ott *QV3Y SI ASHNET 1SHNA NI 3IDAD 1SUT4 SHL e482 9 
cr ar aaa ama ah ae ceeds "5. Smee : 0 = AIAN ST 
HTT £T JDVASNIVA 
ett 2t JvdSNovA LT 
ett gt oL 09 
TTT TT 33VdSNSVA OT 
att eT oL 09 
peat ry a een ee ee ei ae akerncr yf 1) yes OT JIVASWDVA ST 
ANNO) G3 GOR RSET OG Pe eta ee eG teen ee an ee ee OE eee eS Ee OF Rie RESO e es OH Eee o ORS bage af 819 08 08 


.] Z 9 Ss tr € 4 Tt tT 


Figure 7. Program Listing - Main. 


ad 


40 


CAOMTTINA TENA CISCO HINS) C2n*S9IGLTHM 6C2 


stz (dOWI WW TSn* C144 TeX IND) (28490 FLITE 
ntz C14 *ToeD (£949) IL THe 
a t4 S*tsf ac2 on 
ete S*Tt=I ac2 on 
— ae ie air aa ~ “O82 O1 09 (T*IN*OOT) at 
ote S39u3W TIva 
602 *O3LVINIWS OSTIY SUV STE*DTS40G *SIINOWYYH HIITd F0V7R i) 
g02 *“N¥dS = “SENS GYIHL *OHOHD = “SENS ONOISS *‘DSINOWNYH = "SSNS iSut4 > 
ioe GHL SUSHA (S*S‘OGINS 4(S4S*TEIND °34d309 “SS3¥d WILNSYSSSIO 39NGOWd OL 3 
902 “433309 3YNSS3¥d JLNIOSSY WO1LOG ONV dOl 3H1 SAINIGWOD “HANS ONIAOTIOS GHL *#8 9 
“S02 ae Ia ing esas 3NWTINOS 9¢ 
n0Z -_ ( (E*OTSOT*xLe) / (E*OTSdTIOT*XLS Jiwmuod 6¢ 
coz ~ x (dOWI TW T=I‘(VSaSNT ON IING) (60°9)91LTHA 
202 ( ¢ / S*OTROT*KLe) =f (E*OTSdTITT *XG*CT*=TSNNVHOHE 6¢*XTIiWNHOd BF 
Toz (dOW IW TSI 4 (7a3uT SONA T+ NW) CTSSHI SON‘ TINVSON «(R649 TLTHA 
oo2 9¢ O1 09 {T*3N*OOI)3T 
me ee ee ee ahs = . TL*(TSSNT SONI TING = (TSISUT'ON‘ TING LE 
e6T TAS CTSSUT AINA T4I NW = (SSI 4 ONS T+IING 
461 (W33uT ‘ON SAONS*(1)90HNS = TL 
961 OWT WtT=I 4 00 
S6T (73341 49N) 1953304 (13381 49N) SdOTS* (13ST SONS TINY = (T3SSNT ‘ONS TINY 
See et eye ee 073381‘ WWHOT = ON” 
tét Sey Mae : - “w#t=r 9f on 
z6t (T33H1 }HSON= 
TéT ( (SLINN “HONS ONY 450=-T10H H3LTI4 4OS 03199NWOI)K 
o6T SIINOWYVH JIDAD BYNSS3Sud “SAVHLL *XOT‘EI*= *ON TSSWHOTSOHTIIVRHOF OF 
6eT VW33NI (On49)5LTum (T*B3*OOI)4T 
A Sv33NI *T=1338I FE ON 
Tet e ZNWIINOD Of 
9eT (CE*OTSZST*S*OTadT*xz2) / DAWNMOS So 
Set ((S*OTSETIXS) 7 C*OTSdT*XT*OHTI I WWHOF ef 
net (dOWD W4T=74 (79am ONSTING) (SE'9ISLIMA 
eet (T4E=04 (73aeT 4ONATINV) (we 'S)GLTee 
eet T+dOwl WoT 
co) ao Saas % ~~ € €g*OTaeT*e*Otadt*xXe2) // MOTIOS SIINOWUVH SLIT 
oeT ONY SIDA9 “SAWHSE ‘Xi ‘CI ‘=IGNNVHOHE ‘XL ‘CIS 1SRUHS ‘OHTIIvNHOY CC 
62T Cem t*ToT1° CNA) fon TaaeT (EEO NA 
e2t OF O1 09 (T*AN*OOI) aT 
act (T+T)2WSL = (TASMT‘ON‘ TING 2F 
941 6666 (Tel) twal = (T3aUE ON‘ T+I NY 
. SOHIW‘T=I ZF on 
tit (TITWSL = (T33NT SON‘ TING 
eit (2031 TWSL‘NI ‘SONI eet) S3IuSIO Tiv> 
zt (T33uI ‘ON TIZVivo = (tina TF 
Tat eeT*T=I TE on 
ozt (133uT ‘CT WWHOT = ON 
69T ae toes uf{T=sr of Of 
89T (VW33UT}HION = 
491 S133uI‘t=TI4wI OF On 
991 *SAOTIOS SNIWIS VIVO 3d¥i ONY NOTLD3NNOD 430 TY WILTT4 eee 5 
sgt BANTLNOS TT 
#ST STIAI/TA = (133ur eons Tb zwaWe 62 
i est (133u1 INST IZON = TL 
INNO a3 grrseestos grecereces gertecetece Qrcetscese greceretas Qreerececse geerecerce QOrteeeeeces 
8 4 9 s * & 2 tT t 


Program Listing - Main. 


Figure 8. 


41 


dOWIWWAT=1 TS on 


ole 
“69 ‘ 7 nw e d007 SINOWYVH *e2 9 
892 *o =¢1 
~ "£92 : QVvu7veTi = Th 
992 (I*P*TOND = CISC OND TVLVA 
acne SMD gt Gee Cita geet: Ol ace Oe RNR SEE oe maar tS ra “ heT*T=" TS o1 
n9~ dOO7 C(CLNIOd) HiNWI7y ee2 5 
= Oe" OQvuzZW= =. TL 
292 S*t=r ts on 
ee 19 40017 AQYOHS sas 9 
092 S*T=r TS on to¢é 
a ee a GOC arama pis cease hse Pia - "49012 TW 
ese TOSS OL O09 (T°BN°QO0TI) at Th 
ee SS eR CLNMNT OYVD YO 3dV¥i) G3Ld359V N33 SVH LNANI 3UNSSSYd 3HL ANIOd SIHL iV 9 
9S2 dO001 NVdS #82 9 
~SSe me “SJINOWHVH O3SLIZWHOS SH1 SNTWHNS AG ANNO ?] 
"Sz 3YVv 4 HINWIZV fF QYOHD I NVdS YOS S37DAD 3YNSS3Yd WILNSNSS9IG S9VHRAV «ae 9 
egg hy Soe SR th, Ta i eA aes a ‘ (dOWI We Tone (IP OUINS) (Z2e4SOVAM 0G 
2s2 (ah 'G)QV3y 
“ie G a eitoe (dOWI IW Tone CLS 4T4H IND) (L£04S)OVGN 
ose (Sh?'G)dOV4AN 
6hZe" (NT NE * TINDING ANT (6H °G)OV3N 
CRC eae ee ce ee ne ie S‘t=r os on 
Lhe ce d0OT (HOH) eee 9 
One S‘T=I 0S on 
one A007 NVAS 202 9 
tne STe*9Ta40R (Ef! GdOVIN 
“Cne LSUNGT (2h*G)OVaAM OT 
C454 °1XAN 031d399V SI (ANdNI 3dvi 40 GV3ISNI) LINGNT Gv «a2 9 
“THe a 2 . Tw OL 09 
Ove (dOWITAWWSTSNO (CTO OWINS) (Lm? L)3LINM th 
“6C2 ea { SIN3I9D1434309 SNISHLT DAWNHOY An 
ace (Qm4Z)ALTUA 
LES (dOWI TW Tone (LP *T+ND) (Lm LZ)9LTUM 
9¢2 ( (h°OT3dT)9 IIVWHOW Lh 
oKGwera 0. 7 Sei PaO ass cial ( SLIN3TII4S309 SNISOSHET )LVNHOS Gh 
ale (Sm*Z)9LTuM 
ece = ( #°OT3dT ¢ =AOWSLSHE *XL*Z2I*QYOHDHS *X2S°ZSTNVdSHH )IVWHO4 6h 
ete (IOP STOND ST (6m 2d 9LIUM 
Tee = S*t=or wh oO 
oce 4007 OGYHOHD ee2 9 
62 | ‘tg a es he a a tl od S*‘T=I th on 
gee dO00T NVdS #02 9 
~ Lee ( *tAVBATLI3AdS3Y 1008 30VI8 3HL ONV 3903 SNIOV39 AHL WONS X 
: 922 ONTYNSY3WIH9S9 / SNVdS S SHE JO HOV3 LV SNOTLIVLS GHYOHD S 4OS SIINOWX 
““S@e YYH 3YNSS3YUd TWIINSYSSSIGHSL / (ATNBAILIAdS3Y TYESLYIT WWNIGNLIONOIX 
nee? #JATLIZTIONIHOH *xXeS* (Hh °OTAdTIE 7 SIINOWHVH HOLId SOVIGHTS JivWdOd Ch 
me Soe pee Md ee ar a ‘ ““ " §T8*9TS'08 (On LZIALIMa 
eee (=ex 
Te2 * LNdGLNO GSHINNd SSION YOLOM senting *xTTeer*= °ON LSUNGHTT aivWHod Zn 
Vr r4 LSUNGI (2m*LZIALINA On2 
6T!? Th OL O09 (S3A°3N°HINNAd) ST 
ete *iNO G3HSNAd ST 3 
~2Te  ~" * S3%5AD JOVYBAV SH 4O SINSIDISS30) NBIYNOS SYNSS3Hd IWILN3SY333TO 3H1L MON #¥e 9 
LINN}OD a) 7 Nal alk ia 6 a Mia i * Nala ca a at aN: lia a Ne | aN al | el eae | a a hs 


e z 9 Ss f ¢ 2 T T 


Program Listing - Main, 


Figure 9, 


LEE RTOS ETON 


ho 


nee HHN‘T=P° 99 On 
e2e (THTW3L = Onno Wy 
eee (2WS1L 4 TW3L ‘NS *HHN 4 fT) 3INSaQ TWIWd ¢9 
Tee VV¥e(P INS = COYNE 49 
o2¢ CVSTIISS CI STFU TW LVOF+(C INS = (PING GO 
ete" ~ $¢T=1 69 on 
ete °0 = (PING 
ite fhT‘T=e #9 00 66 
gt¢ €9 OL 09 
st¢ Vyevauv = (P)N4 TS 
Te (VAY 4TSd5/OYOHD*TLNIOWNOAY WIV9 
tte 9 *O = (Tew ISd9 
ate 3ANTLNOD 29 
TT¢ 2 (reVeeytviva = (wISd9 
ote T+y¥=W e 
60¢ ; 29 OL 09 (0°O03°(7*TNVHIN) dT = 
B0¢ s*t=1 29 00 eal 
~~~ Toe - T=¥ = 
90¢ hat*T=r 19 00 
soc *0=(T)1Sd9 ! 
Hoe *T=(T+¥)QYOHD 1] 
coc B3NNILNOD 09 S 
_ zoe CLV) ¥x= O81) OHA “a 
To? gare Raat : Teyw=m A 
oo¢ 09 O84 09 (0°03°(7*TNVHON) ST ‘d 
662 S*T=1 09 on a 
e62 "oO = (TIQNOHD 
£62 T=» | 
962 Z+(I)HON = TIN 4 
S6en4, Sam aia eae tg kaa ; 6S OL 09 (G*°O3°CTDHON) JT s 
hoz 8S OL 09 (CO°OD*(IISHI) aT % 
m4 -y-4 Toyw = WH Ay 
262 S*Tt=I eS on 
t62 d0O? NOILWLS WIOve #20 5 
062 °O = ODT) WWx TOG6 Oo 
cir (Rigg yas mie gor Reg tr a ah “OE DDT; © er} 
eee HHN ‘T=? TO0G6 on 
Lez °o = (TOW MA 
982 tT=>y 3 
ce2 2S OL 09 (S3A°3N°dO9RETI4T 2¢ 00 
ez *w¥N90Nd SIHL 40 NOISHIA ORISIIdWIS W SI HOTH*® 98C3 WYHSOHA fe) ot 
- SU SOIISNOSV SAI TIV3 01 10N YO YSHISHM SSCISSC NOTIdd LNGNI ONIMONWIOS FHL +e 95 fs 
292 € (H°etadTOT*¢x2 IiWWHOS 9¢ 
Tez (oT eTone (LPO TVLVO) (9649) 31 THM CG 
oe2 (//21 *NOTLVLS GYUOHIHET*XS*CI“NOTAVIS NVdSHZT ‘OHT)AVWHOd SG 
6Ll2 CT (6649)3LTHM 
e242 s*t=r ¢s oa 
She See dren eo ere es a oe = ; oo ee eR Settles, Oo. 
922 ( // SNOTLVLY 
Sze S FOv18 GSINSWNYLSNI 1¥ S319AD BYNSS3Yd WIANSYSSSIOH6S* THT) ILVWNHOd &G 
Lz (mS *O)9LTHA 
A OLS CALINTS# CISC OT )NS+ (ZL) SODSCI SP STHVINOF(T OP OMIT WLVO = (Ieee T¥LWA TS 
zL2 €leTl = 21 
fa erin, Bc eae BA ince Ook ote AN In ie “Terr 2 el 
pce IN‘KO3 as “OPT POM ETH TH TST Hoe Sree erseresenses reese eHnesreorseeNesessosseneeesseteegneesseoees 


8 ZL 9 Ss oo] ¢€ 4 tT T 


43 


PETS ae ene ene 


ANNO) QD 


(OT*6Z)NVYULN WWw5 
d0OT NOTLVIS WIdvH eee 5 
*Tt+h4 = WS 
(OOSL*T=I4(TTON) (82) Ovan 
92 ONIARQM 
/” " NUWTWISVLSweW ¢& OF” 
d007 JINOWMVH «#2 9 
T =26s7 
; 82 39r4 OND 
S30V184 (GeS*T=I* (IANNIS) (82) BL Ium 
ee Fe aneg TP 01S: 
(ETIS * HOUMA NYYLNHTTOHTILVNYOS HOTS 
2aS7 CHOT6“9)IALIUM DOTS 
¢coté ol 09 
AOT¢TST/(T)OSUF (92889) ALTIMA 
: 5 ; _ 1992299 sonot 
ay ae eee SE UTFLINVdS8° BBS) 7 (See7ZII~7EATIOLSYd =(TIOSHN 3 
Ti#299=T99 
f‘*tsr soooet on 
2-nvdSisr 
NdS 1304 ( T INVAS=299 
fOT6 O1 OO (T*an°oar)4ar 
@2 ONIAAN 
(8T)8SY NOISNIWIO 
(88*Id)/SIOVIR = wi 
: IsW4 
7 ToLUVISN=T 
i TLI+(T=<VNVdS = (TINWHS £9 
NVdST/Z=1 49 00 
°mL = (TINVEHS 
*2/TL = NAST2AA 
T17°862 = TL 
TenvdS7 = Ti 20C6 
luvis Twa 
206 O1 09 (T°AN°ART) st 
SISATIVNV 3SION 4YOLOY 4O SNINNISIA 9 
2 01 089 (SFA*IN*ONONAO)4T LC 
NH9SES Two 007 
SANTINO? 202 
((2*°@30T) /Z°S4) ivMHO4 CO 
; Oe : ((6*°ET3dT)//) 1 VNeO4 O22 
CHHN STEP 4 (OP OE WINX) 4 CHEN To? (IX) dO (F029) SLIM 
L¢‘Tt=yy 22 On 
(4779 WAX WIX OIXHTT “THT LVRYOW TO 
(TO2*9) ALTUA 
"0 = (f* ow) WHY 0066 
*o = (Pow. 
HHN*T=P 00¢6 On 
°0 = OnO1W* 
T+yw = ww 
BANTLNOD RC 
(f 4x 99 
(PR en way 


(Tem 2waL 
Si Shetaed Sia jene (Ten) TwaL 


OPP seseFasgeecetossenessesesooneesteosntysssseetoensesrvesesnessesetsanesetocees 


e d 9 s o ¢ 2 T tT 


‘MOOZLTE14(TITON) (OZSLTHM COTE 
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